Aim: To compare the in vitro solubility of eucalyptol, orange oil, and xilodent on three endodontic sealers based on their commercial brand and immersion time.
INTRODUCTION
For the success of an endodontic treatment or retreatment, the establishment of a tridimensional filling of all the ramifications of the canal systems must be taken into account as an essential requirement 1 so the persistence of a microbial infection of the canal systems or periapical area is prevented. 2 When endodontic therapy fails, the first alternative should be a nonsurgical approach, in contrast with other more radical approaches. 3 In the market, there is a variety of sealant materials for the filling of an endodontic treatment; the most used method for this process is based on the usage of semi-solid cones of gutta-percha as a base material; however, individually, they are unable to seal the root canal, and this is where the endodontic sealers complement the covering of dentin and fill the irregularities between the walls of a root canal, creating a properly sealed obturation. 4 Along history, different sealants have been developed based on different components, such as: zinc oxide, glass ionomer, calcium hydroxide, silicones, and composites, 5, 6 and for the elimination of this obturation material (gutta-percha and sealant) hand instruments could be used, both mechanic and ultrasonic, as well as thermal techniques. 7 Additionally, different dissolvents have been used for the softening of the obturation materials. 8, 9 The commonly used dissolvent, such as chloroform and xylol had the capacity of dissolving the majority of endodontic filling materials; their efficacy to soften filling materials has been shown in previous studies by Whitworth and Boursin, 10 Schäfer and Zandbiglari, 11 Magalhães et al, 9 Martos et al, 12 Mushtaq et al, 13 Fadhil and Al-Hashimi, 1 Yadav et al. 14 Nonetheless, they present a carcinogenic potential and toxicity for the tissues, 15 which is the reason why there is an interest to find alternative dissolvent that lacks adverse effects for the health of the patients; therefore, some organic alternatives have appeared, such as orange oil and eucalyptol, with capacity of softening endodontic materials, a safe alternative to chloroform and its derivates. 1, 8, 16 Presenting different compositions, the endodontic sealants also present different physical characteristics that may influence the clinical efficacy of the dissolvent. Hence, the aim of the present study was to compare the in vitro dissolvent effect of eucalyptol, orange oil, and xilodent on different endodontic sealers based on different brands and the immersion time. The sealers were carefully poured in the sample molds with a 1 mL syringe preventing the formation of bubbles, all samples with their respective molds were transferred to a chamber (Memmert, Germany) with 80% of relative humidity and a temperature 37°C, and were stored for 24 hours.
MATERIALS AND METHODS

Each
After removing the samples from the chamber, the excessive material was removed with a scalpel, and thereafter, each simple was weighed in grams including up to four decimals (3 times each sample) using an analytical scale (Ohaus, USA), obtaining the initial weight (p1). The samples of the groups I, II, and III were divided into four groups of 20 samples each, based on the dissolvent to use: Xilodent (Proquident, Colombia), orange oil (Maquira, Brazil), eucalyptol (Maquira, Brazil), and sodium chloride (Braun, Peru) as a control group; then, each group was subdivided into 2 groups of 10 for the immersion times of 5 and 10 minutes.
After being weighted and divided, every sample of sealer was completely immersed in 40 mL of dissolvent previously stored in Petri dishes; after a period of immersion specified by group of 5 or 10 minutes, the samples were removed using cotton tweezers; subsequently, each sample was rinsed with 100 mL of distilled water and dried with an absorbent paper.
The samples were dried for 24 hours at a temperature of 37°C in the chamber. To finish, each sample was weighed (3 times) obtaining a final weight (p2), and the amount of sealer lost on every sample obtained from the difference between the initial and the final weight was determined.
For the elaboration of the univariate analysis, we proceeded to obtain the measures of means and standard deviations of the variable "dissolvent effect" of xilodent, orange oil, and eucalyptol based on the established groups (Sealer 26 ® , EndoFill ® and EndoSeal™) and the covariables of the study (commercial brand and immersion time). Additionally, the normality of the sample was determined through Shapiro-Wilk test.
For the bivariate analysis, Student's t test was used to compare the dissolvent effect on the different study groups based on the commercial brand and the immersion time; the results are shown in Table 2 .
All the analyses were performed with the Stata ® statistical package, version 12.0, with a significance level of p < 0.05.
RESULTS
Once the in vitro effect of dissolvent of the orange oil, xilodent, eucalyptol, and sodium chloride on the groups was formed by EndoFill ® , EndoSeal™, and Sealer 26 ® , it was evident that a higher dilution was obtained in the 10-minute immersion groups in comparison with the 5-minute groups. When the Shapiro-Wilk normality test was analyzed, it was shown that every group presented a normal distribution with p > 0.05. In the statistical inference to the effect of the dissolvent through Student's t-test on the groups formed by the sealer cements, it was shown that eucalyptol had a higher dissolving effect than EndoSeal™, followed by orange oil, and then by xilodent in both immersion periods; it was evident that in the eucalyptol-EndoSeal group measuring the difference between the initial weight and the final weight after 5 minutes of immersion, p = 0.03; in the control group of sodium chloride, minimal dissolution values were observed. The eucalyptol was also capable of dissolving the EndoFill ® , but this time followed by the xilodent and then by the orange oil.
None of the three dissolvents had the capacity to dissolve Sealer 26 ® during the different immersion periods;
the results are shown in Table 2 .
DISCUSSION
The specific standards to measure the dissolution capacity of endodontic sealers are unavailable; therefore, the present study was conducted aiming to assess the in vitro The criterion and methodology involved in the present study to measure the dissolution of the endodontic sealers on the dissolvent were through the calculation of weight differences during the pre-and postimmersion process. These data were collected with an analytical scale with the capacity of finding the weight in grams including up to four decimals. 1, [12] [13] [14] Some previous studies have used different immersion times, due to the fact that previous investigations have reported that a mean time of 1.5 to 10.8 minutes is required for the elimination of the obturation materials by the instrumentation with or without the aid of a dissolvent. 10, 14, 17 The present study was performed with immersion times of 5 and 10 minutes; in that way, measures were more precise using a sample of each sealer cement for every immersion period. After each immersion period, every sample was rinsed in distilled water to eliminate unwanted debris. 1, 18 It was needed to dry the samples for 24 hours, because during the pilot test, an increase in the postimmersion weight in some specimens was shown. The data obtained from the present study showed that orange oil presented higher efficacy after 10 minutes than after 5 minutes, showing a higher dissolving effect in the EndoSeal™, because it showed a higher weight loss after 5 and 10 minutes of immersion, in comparison with their counterparts EndoFill ® , in a second position, and Sealer 26 ® , with a lower weight loss after 5 and 10 minutes of immersion, concluding that the aforementioned dissolvent did not present the dissolution capacity required for endodontic sealers based on calcium hydroxide and bismuth oxide by epoxy resin, results similar to the publication of Schäfer and Zandbiglari. 11 Some authors, such as the dissolvent effect of the xilen, refined orange oil, tetrachloroethylene, and distilled water (control group); the data obtained showed that xilen was the dissolvent with a better performance in dissolving the endodontic sealer followed by refined orange oil and tetrachloroethylene.
Regarding the dissolving effect of the eucalyptol on tested the endodontic sealers, the data have shown that there was a higher dissolving effect after 10 minutes than , and Intrafill (zinc oxide-eugenol) on eucalyptol, xylol, orange oil and distilled water (control group), obtaining as results that xylol and orange oil showed better dissolving effects. The researchers assessed the endodontic sealers based on zinc oxide to assess the dissolving effect of xilen, showing that xilen was capable of dissolving this sealer cement. 20 agreed with this idea of clinically relevant parameters that were not possible to assess in the present study.
CONCLUSION
• The present study found statistically significant difference when assessing the dissolving effect of eucalyptol on the EndoSeal™ group, measured by the difference between the initial and the final weight after 5 minutes of immersion. • The other groups described in the present report did not show a significant dissolving effect on the different immersion times.
